District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, prolonging the investment return period. The main scope of this paper is to assess the feasibility of using the heat demand -outdoor temperature function for heat demand forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were compared with results from a dynamic heat demand model, previously developed and validated by the authors. The results showed that when only weather change is considered, the margin of error could be acceptable for some applications (the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and improve the accuracy of heat demand estimations. 
Introduction
Charcoal, the main product from carbonization (slow pyrolysis) of biomass, has a wide range of applications in various industries. These applications include direct combustion of charcoal as solid fuel, gasification of charcoal for synthesis gas production, and use as reductant alternative to fossil carbon in metallurgical industry [1] [2] [3] . For the application as metallurgical reductant, it is required that the fixed-carbon content of charcoal is higher than 80 wt%. This requirement can normally be achieved by increasing the severity of carbonization (higher temperatures and/or longer carbonization times). As a result, more volatile matters of the feedstock will be released into the gas phase, Available online at www.sciencedirect.com ScienceDirect Energy Procedia 00 (2017) 000-000 www.elsevier.com/locate/procedia
Charcoal, the main product from carbonization (slow pyrolysis) of biomass, has a wide range of applications in various industries. These applications include direct combustion of charcoal as solid fuel, gasification of charcoal for synthesis gas production, and use as reductant alternative to fossil carbon in metallurgical industry [1] [2] [3] . For the application as metallurgical reductant, it is required that the fixed-carbon content of charcoal is higher than 80 wt%. This requirement can normally be achieved by increasing the severity of carbonization (higher temperatures and/or longer carbonization times). As a result, more volatile matters of the feedstock will be released into the gas phase, which is translated to more material and energy losses. Combustion of this pyrolysis gas for energy recovery is possible, but requires extra investment, which is rarely feasible for small and decentralized carbonization units. High-pressure carbonization of biomass has been proposed for improving the mass and fixed-carbon yield at the same time [4, 5] . However, the high-pressure requirement also leads to extra cost and is not that feasible for small carbonization units. On the other hand, the mass and fixed-carbon yield can be improved simply by promoting the secondary char formation from the pyrolysis gas via increasing the particle size of the feedstock [4] . It is because of the catalytic cracking effect, of the char formed in the outer layers of the fuel particle, on the nascent pyrolysis gas on its way diffusing outward. Alternatively, similar effects can be achieved by simply confining the pyrolysis gas in the reactor. The work presented in this paper aims to study the effect of prolonged contact time between nascent pyrolysis gas and char during carbonization on the mass and fixed-carbon yields of charcoal produced. The contact time is prolonged by varying process parameters (feedstock particle size, initial mass) and pyrolysis gas confinement. In addition to this, the work focuses on the use of forest residues as feedstock, which is a promising and low-cost renewable resource.
Material and experimental methods

Material
The biomass materials used as feedstock for the present study are forest residues (tops and branches,) and stem wood of Norway spruce, birch and oak trees from forests in Southern Norway. The collected samples were chipped and dried at 105ºC for 24 hours. The pre-dried samples were then milled and sieved to obtain powder samples of two particle ranges: d<1mm and 63µm<d<100µm. Proximate analysis to derive the volatile matter content, fixedcarbon content and ash content of the tested samples were analyzed according to procedures described in ASTM E871, E872 and D1102. Element compositions of the samples were analyzed by means of a Eurovector EA 3000 CHNS-O Elemental Analyzer. The higher heating value of the samples was measured by a bomb calorimeter (IKA C5010/5012 model), following the procedure descried in ASTM E711-87(2004).
Thermogravimetric method
A thermogravimetric analyzer (TGA), SDT Q600 model from TA Instrument, was used for studying the nonisothermal decomposition of the samples during the pyrolysis process. Two different initial sample masses were used, being 1 mg and 10 mg. Experiments with 1 mg samples were run for small particles only (63 µm<d<100 µm), whereas experiments with 10mg were run for the samples with both small and large particle sizes (63 µm<d<100 µm and d<1 mm). For each TGA run, a sample of either 1 mg or 10 mg was loaded in an alumina crucible that was then placed into the TGA furnace. Nitrogen (purity 99.999%) was used as purging gas through the TGA reactor, with a volumetric flow rate of 100mL/min, for 30 minutes before starting the heating up of the furnace. After this purging at room temperature, the furnace was heated to 105 o C and kept at this temperature for 30 minutes, followed by heating up to 800 o C with a heating rate of 10 K/min. For experiments with 10 mg of sample as initial mass, the crucible was operated in two modes: 1) open crucible (no lid), and 2) closed crucible (with lid), for studying the effect of the volatiles released from the sample during devolatilization on the char and fixed-carbon yields. The lid has small pinholes on it to allow the gas to escape and avoid possible pressure increase. Each experiment was repeated 3 three times to check the repeatability.
Kinetic evaluation method
Pyrolysis of lignocellulosic materials is a general term to indicate the decomposition process of an abundance of different and complex physical and chemical reactions that occur when the materials are thermally treated at elevated temperatures in an inert environment. However, for kinetic evaluation, it is a common practice to simplify the process, which can be described by the global scheme of Eq. (1) [6] :
Solid biomass --> Char + volatiles (
The fundamental kinetic equation for the above scheme is represented by Eq. (2) = .
where f(α) is the conversion function for the conversion degree, α, which is determined as the mass fraction of the decomposed solid (mass loss) or released volatiles of samples. The conversion degree α is defined by Eq. (3)
where m 0 , m f , and m t are the initial mass, final mass, and the mass of the sample at time t, respectively. The conversion function f(α) is dependent on the reaction mechanism and its different forms can be found in the literatures [6] [7] [8] .
In general, lignocellulosic biomass materials are mainly composed of three components including hemicellulose, cellulose and lignin. The overall reaction rate is then described by Eq. (4) wherein c i is the contribution factor of component i, i.e. c 1 for hemicellulose, c 2 for cellulose and c 3 for lignin.
For each of the components, the Distributed activation energy model (DAEM) with reaction order n =1 is assumed. This model simplifies that all component reactions share the same pre-exponential coefficient and that the number of reactions is large enough, so that the activation energy can be represented by a continuous distribution function f(E) [9] . Several forms of f(E) can be applied to the DAEM model including Gaussian, Gamma, Weibull and Logistic distribution. Among these functions, the Gaussian function (Eq. 5) is most widely used.
where E 0 and σ are the mean activation energy and its standard deviation, respectively. The DAEM model with the reaction order of unity, n=1 is described in (Eq. 6),
where β is the heating rate. The non-linear least square method was applied to the kinetic modelling and simulation of the assumed models. The objective function to minimize is described in Eq. (7).
where � � and � � stand for the experimental and modelled conversion rate, N is the number of experimental points. The fit quality is appraised by Eq. (8) Table 1 presents results from the proximate and ultimate analysis of the GROT and woody biomass samples, together with their HHV values. Overall, the forest residue has higher HHV than the stem wood. This is mainly due to the higher C and lower O content of the forest residue compared to the stem wood. In addition, the forest residue have lower volatile matter (VM) but higher fixed-carbon (FC) content than the stem wood, of which the later would be better for forest residue as start material to produce charcoal for use as metallurgical reductant, considering production of charcoal with higher carbon content. Both ash content and concentration of inorganic elements of the forest residue are also higher than those of counterpart stem wood. Presence of inorganic elements will affect carbonization reactions. For example, the inorganic elements will act as catalyst to promote secondary reactions of tarry vapors [9] . 
Results and discussion
Fuel characteristics
Kinetic analysis
The kinetic analysis carried out yielded the results shown in the Tables 2-6 below, where S.D. is the average value of the square differences. 
Discussion
Overall, the obtained kinetic data are comparable with values from literature with observations and discussion as below [10] [11] [12] . Repeatability of the stem wood experiments was good, while it was lower for the forest residue experiments. Also the fit values were in general lower for the forest residue experiments.
Regarding possible influence of increased contact time between the pyrolysis gas and the char matrix, increasing the char and fixed-carbon yield, the following increasing trend from lowest to highest yields could be expected: 1) small particles, low sample mass, open crucible, 2) small particles large sample mass, open crucible, 3) large particles, large sample mass, open crucible, 4) small particles, large sample mass, closed crucible, and 5) large particles, large sample mass, closed crucible. In addition, as secondary char forming reactions are expected from the cellulose and lignin fractions of the biomass, it could be expected that the contribution factors calculated for these would decrease somewhat with increasing char yields [13] . Other main influencing factors are the amount of hemicellulose, cellulose and lignin in the different wood species and their forest residue fraction, as well as the ash content and especially the catalytic fraction of the ash. Regarding activation energies, significantly lower activation energies were obtained for forest residue samples than for their counterpart stem wood samples, caused by much higher amount of catalytic ash elements in the forest residue ashes. Also, a clear tendency towards increasing activation energies for hemicellulose, cellulose and lignin with increasing favorable char and fixed-carbon yield conditions as outlined in point 1) to 5) above was observed. These observations are shown for birch wood (BW) and birch forest residue (BF) in Fig. 1 .
When grouping the activation energies for 1mg, 10mg, small particles, large particles, open crucible and closed crucible and calculating mean activation energies within the different groups, the result becomes as shown in Fig. 2 , for birch. In the figure, clear trends can be seen, i.e. the activation energy increases with increasing sample mass and particle size and when a lid is used on the crucible. Regarding char yields, i.e. 1 minus the contribution factors for hemicellulose, cellulose and lignin, increased char yields were found for the forest residue samples compared to their counterpart stem wood. Also, a trend of increasing char yields with increasing severity condition, i.e. confinement of tarry vapors and enhancement of secondary reactions, was found. This is consistent with also increase in fixed-carbon yields as reported in our recent work [14, 15] .
Regarding contribution factors, the contribution factor for cellulose is lower for forest residue than that of stem wood. Also for cellulose, a trend of decreasing contribution condition with increasing severity factor was found. No clear trend was found for hemicellulose, and somewhat more unexpected, for lignin. The various trends for spruce are similar to the trends for birch. In the case of oak, the trends were not so clear, and further work is needed to assess why.
Conclusions
Higher overall reactivity of spruce and birch forest residue samples was observed in comparison with their counterparts stem wood samples. It is indicated by the lower values of the activation energy registered for the forest residue samples. This is partially related to higher amount of ash forming elements in the forest residues, which act as catalyst and promote decomposition reaction and lowers the needed minimum energy amount for the reaction to get started.
Regarding the obtained values of kinetic parameters, relatively small differences were observed for stem wood and forest residues, which are from hardwood (birch and oak) and softwood (spruce) trees respectively.
For one studied sample, considerable different kinetic parameters were calculated from experiments using different sample initial weight and particles size. This effect was considered to become significant when increasing sample mass and particle size of the samples, resulting in a shift from kinetically controlled reactions to reactions dominated by heat and mass transfer. Therefore, the proposed kinetic evaluation and modelling are not enough to simulate the decomposition behaviors of samples with large sample mass and particle size. It partially explains variations of the kinetic parameters obtained from one sample but with different experimental conditions.
Regarding the effect of the lid, a clear tendency was observed regarding the influence of the prolonged contact time of tarry vapors with the char matrix, resulting in increased char yields and influence on contribution factors as well as derived activation energies.
The results from this study show that the yield of charcoal and fixed-carbon can be enhanced by tuning carbonization process conditions, to enhance secondary char forming reactions. A boost in charcoal and fixedcarbon yields can be achieved by increasing the particle/sample size and forcing confinement of tarry vapors and increased contact time between these and the char matrix. For a specific carbonization reactor the influencing factors on the charcoal and fixed-carbon yields need to be optimized. Complicated models, accounting for the impacts of sample size, particle size and prolonged vapor residence time on the interactions of volatiles with the solid substrate, are needed to evaluate biomass pyrolysis/carbonization reactions and products yields.
